Heavy metal pollution has become one of the most serious environmental problems today. Biological methods such as biosorption or bioaccumulation strategies for the removal of metals ions may provide an attractive alternative to existing technologies. Microorganisms, as heavy metal bioadsorbents, offer a new alternative for removal of toxic or valuable metals in water. Saccharomyces cerevisiae has received increasing attention due to its unique nature and capacity for metal sorption. It is one of the most promising biosorbents capable of removing metal ions from aqueous solution. Manganese occurs naturally in many surface water and groundwater sources and in soils that may erode into this water. Eleven S. cerevisiae yeast strains in alive and dead forms were screened for biosorption and bioaccumulation of manganese from artificial aqueous solution. S. cerevisiae F-25 in alive form was found to be highly biosorbent for Mn +2 and biosorbed 22.5 mg Mn +2 /gm yeast biomass. Optimization of environmental conditions reveals that optimum concentrations for maximum Mn 2+ biosorption by S. cerevisiae F-25 in alive form were 4.8 mg Mn 2+ /l after 30 min at pH 7, agitation 150 rpm and yeast biomass concentration 0.1 gm/l at 30°C. Competition of Mn +2 with other heavy metals shows that Mn +2 in control sample without, any other heavy metals added in solution at 4.8 mg/l of the biosorbed Mn +2 was 41.3 mg/g biomass. Addition of other heavy metals affects the percent of biosorbed Mn +2 . ª 2015 Production and hosting by Elsevier B.V. on behalf of Housing and Building National Research Center. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/ by-nc-nd/4.0/).
Introduction
Heavy metal pollution has become one of the most serious environmental problems today. Manganese is released into the environment by industries such as fertilizers, petrochemicals, electro-plating, tanneries metal processing, and mining. Exposure to manganese causes neurotoxicity [1] , low hemoglobin levels [2] and gastrointestinal accumulation [3] . However, human activities are also responsible for much of the manganese contamination in water in some areas. Water to be used in the textile, dyeing, beverages and white paper industries should contain less than 0.05 mg/L of manganese. To remove the stress of heavy and toxic metals, environment friendly approach must be applied and use of naturally occurring microbe must be emphasized [4] . Biological methods such as biosorption or bioaccumulation strategies for the removal of metals ions may provide an attractive alternative to existing technologies. Microorganisms, as heavy metal bioadsorbents, offer a new alternative for removal of toxic or valuable metals in water. Bacteria, yeast, fungi, algae all of them can be used for remediation processes and it is always recommended that microbe used for bioremediation must have natural decontamination process and the method should be cost-effective [5] . Moreover, microorganism can detect very less concentration of toxic metals in water which serve as an added return to the remediation process [6] . Saccharomyces cerevisiae has received increasing attention due to its unique nature and capacity for metal sorption. It is one of the most promising biosorbents capable of removing metal ions from aqueous solutions. Heavy metals can be competently removed from water and other aqueous environments by S. cerevisiae [7, 8] .
Yeast cells bind double valence metals on their outer surface owing to phosphomannan content in their cell walls and the presence of free carboxyl, hydroxyl, amine, phosphate and hydrosulphide groups in surface proteins [26, 3, 10] . S. cerevisiae in different forms has been studied for different purposes of research, for example, living cell/dead cell [9] , intact cell/deactivated cell, immobilized cell/free cell [10] , raw material/pretreated cell by Physicochemical process, wild type/mutant cell, flocculent/non-flocculent cell, [11] engineered/non-engineered cell, lab culture/waste industrial cell and cells from different industries [12] . A number of references have proved that S. cerevisiae can remove toxic metals, recover precious metals and clean radionuclides from aqueous solutions to various extents. [13] reported the recovery of light metals, such as aluminum by S. cerevisiae. [13, 14] proved that the yeast cells of S. cerevisiae treated with hot alkali were capable of accumulating a wide range of heavy metal cations, S. cerevisiae as biosorbents in metal biosorption have many advantages: Firstly, S. cerevisiae is easy to cultivate at large scale. The yeast can be easily grown using unsophisticated fermentation technique sand inexpensive growth media as well as the yield of the biomass is high [9] . Secondly, the biomass of S. cerevisiae can be obtained from various food and beverage industries as a by-product and easier to get from fermentation industry in comparison with other types of waste microbial biomass. Microorganisms used in enzymatic industry and pharmaceutical industry are usually involved in the secret of their products, which makes industries reluctant to supply the waste biomass. The supply of S. cerevisiae as waste residuals is basically stable. Thirdly, S. cerevisiae is generally regarded as safe; therefore, biosorbents made from S. cerevisiae can be easily accepted by the public when applied practically. Fourthly S. cerevisiae, is an ideal model organism to identify the mechanism of biosorption in metal ion removal, especially to investigate the interactions of metal-microbe at molecular level. In fact, S. cerevisiae, as a model system in biology, has been explored fully in molecular biology [15] . S. cerevisiae can be easily manipulated genetically and morphologically, which is helpful to genetically modify the yeast as appropriate for various purposes of metal removal.
Materials and methods

Yeast strains
Eleven yeast S. cerevisiae strains (Figs. 1 and 2) were obtained from Culture Collection of Microbial Chemistry Dep. National Research Center, Giza, Egypt. The yeast strains were then routinely maintained on PDA at 4°C.
Preparation of metal ions
The stock metal ion solution was prepared by dissolving manganese chloride of analytical grade in deionized water to obtain a concentration of 1000 mg/l further dilutions. Different concentrations were made during the course of the experiments.
Screening yeasts biomass for the biosorption of Mn 2+
Fifty ml double distilled water (ddH 2 O) was amended with MnCl 2 4H 2 O to attain concentrations 2.6 mg Mn 2+ /l, then introduced in 250-ml Erlenmeyer flasks inoculated with 0.1 g from different yeast strains biomass in alive and dead forms and then incubated for 180 min at 28°C in a rotary shaking incubator (200 rpm). Samples were filtered using Whatman No. 1 filter paper. The concentration of manganese remaining in the filtrate was determined using Atomic adsorption (thermo scientific ice 3000 series), the absorbed Mn +2 was calculated by Atomic adsorption, and this method repeated with strains of biosorbents with decreasing time to 90 min.
Effect of contact time on biosorption
Under the above conditions samples were withdrawn at 10, 20, 30, 45, 90 and 180 min. intervals and analyzed for Mn +2 for the aqueous solution contained S. cerevisiae F-125, S. cerevisiae F-25, S. cerevisiae F-514. 
Effect of yeast biomass dose on biosorption
Different concentrations of S. cerevisiae F-25 biomass in alive form such as 0.1, 0.2, 0.3, and 0.4 gm/l aqueous solution contained 4.8 mg Mn 2+ /l were incubated for 30 min. at 28°C in a rotary shaking incubator (200 rpm).
Effect of pH
The aqueous solution contained 0.1 g/l S. cerevisiae F-25 biomass in alive form and 4.8 mg Mn 2+ /l, was adjusted to pH 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, and 9 using 0.1 M HCl or 0.1 M NaOH, left for 30 min. at 28°C in a rotary shaking incubator (200 rpm).
Effect of different agitation speeds
Different agitation speeds such as 100, 150, 200 and 250 rpm for 30 min were used to study their effect on the Mn +2 biosorption in solution containing 4.8 mg Mn 2+ /l and 0.1 g alive biomass S. cerevisiae F-25.
Effect of temperature
The temperature was maintained at 20°C, 25°C, 30°C, 35°C and at 40°C and agitation speeds 150 rpm were applied to study their effect on the Manganese biosorption in solution containing 4.8 mg Mn 2+ /l and 0.1 g alive biomass of S. cerevisiae F-25.
Competitive adsorption between manganese and other heavy metals
Different concentrations of Cu +2 in the form CuSO 4 5H 2 O ions, Cr +6 in the form K 2 Cr 2 O 7 and Zn +2 as ZnSO 4 such as (2.4, 3, 3.6 mg/l) were introduced with aqueous solution contained Mn +2 at concentration 4.8 mg/l and 0.1 g/l S. cerevisiae F-25 biomass in alive form for 30 min at 30°C in a rotary shaking incubator (150 rpm).
Results and discussion
Effect of S. cerevisiae strains of Mn +2 biosorption
The data in Figs. 1 and 2 illustrated that all tested S. cerevisiae strains in the alive form were more efficient in Mn 2+ biosorption than the dead form. The maximum biosorption efficiency 22.5 mg Mn 2+ /g yeast biomass represents 86.53% was blinded by alive cells of S. cerevisiae F-25 followed by strains of S. cerevisiae F-125, S. cerevisiae FA-426, which recorded 22.4, 22.1, mg Mn 2+ /g biomass, respectively. They followed by S. cerevisiae strains coded FK-907, F-514 and F-524, which blinded 21.5, 21.2, 20.9 mg Mn 2 /g biomass. So, the above six yeast strains in alive form were subjected to further study. The data in Table 1 showed that S. cerevisiae F-125 alive, S. cerevisiae F-25F, S. cerevisiae F-514 in the alive form proved to be the most biosorbents to Mn 2+ , as they could absorb 21.9, 21.9, 21.7 mg Mn 2+ /g biomass, respectively. A number of references have proved that S. cerevisiae can remove toxic metals, recover precious metals and clean radionuclides from aqueous solutions to various extents [13, 12] . Comparing two strains of S. cerevisiae for the biosorption of cadmium one strain is ATCC 834 and another strain, ATCC 24858. They found that the thicker mannan layer and the larger specific surface layer seemed to benefit a larger cadmium uptake capacity for the strain S. cerevisiae ATCC 834. [16] also confirmed that Sr +2 accumulations occur mainly in the vacuole of the living yeast cell of S. cerevisiae. Tripeptide glutathione (GTH) is a typical low molecular weight cellular thiol and functions as a storage form of endogenous sulfur and nitrogen as well as detoxification of metal ions.
Effect of contact time
The uptake of metal ions by microorganisms in batch systems has been shown to occur in two stages: an initial rapid stage (passive uptake), followed by much slower process (active uptake). The first stage is physical adsorption or ion exchange at the surface of the biomass, which is biosorption. The biosorption equilibrium occurs at the end of rapid physical adsorption stage (first-stage). As shown in Fig. 3 the biosorption capacity increased as the contact time increased. The biosorption of Mn 2+ by S. cerevisiae F-25 yeast biomass was rapid for first 30 min. and equilibrium was nearly reached after 45 min. Results revealed that the highest removal efficiency for Mn 2+ by yeast biomass was occurred after 30 min until 45 min. Biosorption kinetics with an initial rapid metal uptake followed by slow uptake was observed, and this kinetic model has been accepted for various biosorbents such as bacteria and fungi (yeast) under similar operation conditions [17] . The obtained results are in agreement with [18] as they proved that biosorption of manganese increased with time and maximum manganese biosorption was 18.95 mg Mn 2+ /g S. cerevisiae after 20 min. [19] have reported an equilibration time of 60 min for copper biosorption by Saccharomyces carlsbergensis, Penicillium chrysogenum, and Streptomyces rimosus. The short equilibrium time for S. cerevisiae may be attributed to the high affinity of the cell surface for manganese transport. [20, 21] optimized the sorption time for chromium(III) by S. cerevisiae, and showed that a 30 min sorption period is the best option to ensure the metal removal from solution and good recovery from biosorbent.
Effect of initial Mn 2+ ions concentration and dose of yeast
Figs. 4a-4d show that removal efficiency increased with increasing the metal ions concentration. On the contrary biosorption decreases with increasing dose of biomass. The best removal occured at 0.1 g yeast. This agrees with [18] who proved that biosorption increased with rise in manganese concentration in the test solution. Rise in manganese concentration from 25 to 200 mg Mn 2+ /l resulted in an increase in its uptake by S. cerevisiae from 1.54 to 18.95 mg/g 18-fold. Similar performance has been reported by [17, 22] suggested that all kinds of yeast biomass (Fodder yeast, waste brewers yeast and bakers yeast) used in the study were able to remove more than 90% of lead present in the solution within 20 min. The present results are supported by literature references, suggesting that decreasing the biomass resulted in the increase of the metal removal due to exhaustion of metal ion in the biosorption medium or the interaction between the metal ion binding sites [23] . An increase of electrostatic interaction at high biomass concentration inhibited metal biosorption. When the biomass concentration is low, metal ions in the solution would not only be adsorbed to the surface of the biomass, but also enter into intracellular part through facilitating the concentration gradient of metal ion [24] . It should be mentioned that the cadmium ion adsorption capacity decreased with increase of biosorbent dosage [25] . Their theory is similar to that advanced by [26] to account for the cell surface remaining unsaturated at higher biosorbent dosage. High biosorbent concentrations at (4%, v/v) are known to cause cell agglomeration and consequent reduction in inter-cellular distance resulted in decrease in metal removal (%). Also, it is clear that carboxyl group, phosphoric and amino groups in the cell wall reported to be involved on metal ion adsorption group [27, 28] . In other words, metal removal is higher when the inter-cellular distance is more (at low biosorbent concentration), as this condition ensures optimal electrostatic interaction between cells, a significant factor for biosorption [23] .
Effect of pH
The charge of the adsorbate and adsorbent depends on the pH. The adsorption of Mn +2 as a function of pH was measured as shown in Table 2 . There was an increase in biosorption uptake equilibrium in Mn 2+ with increasing pH from 4.5 to 9. pH is a significant factor for maintaining the surface characteristics of the biosorbent, sustaining the chemical properties of biosorbate and a vital controlling aspect in the biosorption process [29] . The charge of the adsorbate and adsorbent often depends on the pH [30] . S. cerevisiae contains chitin-chitosan units and amino acids such as histidine, which serve as a matrix of -COOH and -NH 2 groups. This matrix interacts with ions and this interaction depends on the pH of the solution which finally leads to removal of ions [7] . So pH of the solution must be appropriate for interaction. It was studied that biosorption by S. cerevisiae is optimum above pH 5 [31] . Generally, an increase of pH caused protonation of metal ions binding sites exposed by cellular surface. However, a decrease of pH causes competition between protons and positively charged metal ions [32] . The pH above 5.0 was reported for absorption of Cu +2 , Zn +2 and Fe +2 by S. cerevisiae [7, 29] .
Effect of agitation speed
Removal of Mn +2 increases with the agitation speed as shown in Table 3 ; until 150 rpm the removal increases slightly but it decreased when the agitation speed increases to 200 or 250 rpm. Accumulation starts to predominate after some time of the S. cerevisiae around 150 rpm of agitation. This results in agreement with [33] where maximum chromium biosorption occurred at 150 rpm agitation. [28] indicated that, 150 rpm is the optimum agitation for settlement of heavy metals in biosorption media. This is may be due to mucilage hydrophilic character, and several hydrogen bonds are formed between polyelectrolyte and water molecules. This association tends to occupy larger surface area causing its very high viscosity. [34, 35] stated that natural polyelectrolyte has been used as auxiliary of flocculation and coagulation in wastewater treatment and water cleaning process. Iron and copper settlement The different letters indicate significant difference at P > 0.05. The different letters indicate significant difference at P > 0.05. increased more than 2-fold with rise in agitation speed from 50 to 150 rpm, beyond which there was no further increase [34] .
Effect of temperature
Temperature has an influence on the biosorption of metal ions, but to a limited extent under a certain range of temperature, which indicates that ion exchange mechanism exists in biosorption to some extent. Biosorption process is usually not operated at high temperatures because it will increase the operational cost [24] . In our results the different temperatures from 20°C to 40°C proved that the optimal temperature value is greater and does not have more effect on biosorption of Manganese. [36] found that temperature (5-40°C) had minor effect on the accumulation level of Cu +2 , Co +2 or Cd +2 by free cells of S. cerevisiae in suspension. Adsorption reactions are normally exothermic, so biosorption capacity increases with decrease of temperature [37] . In the range of 15-40°C, the maximum equilibrium biosorption capacity for Pb(II), Ni(II) and Cr(VI) ions by the inactive S. cerevisiae was reached at temperature of 25°C. The decrease in capacity at higher temperature between 25 and 40°C revealed that the processes of biosorption for these metal ions by S. cerevisiae are exothermic. The decrease of biosorption capacity at higher temperature may be due to the damage of active binding sites in the biomass [38] . However, [17] found that the metal biosorption of Cr(VI) by S. cerevisiae increases with increasing temperature in the range of 25-45°C. They explained that higher temperature would lead to higher affinity of sites for metal or binding sites on the yeast. The energy of the system facilitates Cr(VI) attachment on the cell surface to some extent. When the temperature is too high, there is a decrease in metal sorption due to distortion of some sites of the cell surface available for metal biosorption (Table 4 ).
Competing Mn 2+ ions/co-ions
Real industrial effluent usually contains various ionic components, including metal cations and anions. Some studies indicated that cations and anions additional to the ions of interest have a generally detrimental impact on metal accumulation [39] . Usually, the biosorption capacity of one metal ion is interfered and reduced by co-ions, including other metal ions and anions presenting in solution; however, the gross uptake capacity of all metals in solutions remains almost unchangeable. The results show that Mn +2 in control sample without any other heavy metal added in solution at 4.8 mg/l of the biosorbed Mn +2 was 41.3 mg/g biomass. Additions of other heavy metals affect the percent of biosorption which decreased to 33 mg/g yeast biomass, Figs. 5a-5c. [40] studied the competitive effect occurred in a mixed solution containing different The different letters indicate significant difference at P > 0.05. metal ions during the biosorption process by flocculating brewer's yeast. The yeast of S. cerevisiae seems to have more affinity, higher selectivity and biosorption capacity in aqueous solutions. [41] observed that the competitive biosorption capacities of S. cerevisiae yeast for all metal ions were lower than that under no competitive conditions. The decrease of metal uptake in competitive conditions was thought to be a response to increased competition between same charged species for binding's sites of yeast cells. [42] investigated the presence of the cationic impurities such as Al, Be, Cd, Cr, Fe, Mn, Pb, Ce, and Sm. The results showed that there were no significant differences. Light metal ions, such as Ca +2 , Na+, K+, are present in industrial wastewater. The experimental data have shown that those light metal ions have little effect on heavy metal biosorption, which indicates that the affinity of the yeast for light metal ions is far less than for heavy metal ions. Alkali metal ions and alkaline earth metals were not absorbed by yeast, possibly because they lack the ability to form complexes with the various ligand groups present on the biomass surface [24, 37, 43] .
